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To those unfamiliar with modern notions on the physiology of the nervous system, perhaps the main difficulty in understanding the beautiful researches of Magnus and de Kleijn on labyrinthine functions, will be the prevailing vagueness as to what is to be understood when we speak of muscle tone.
The definition which still too often passes muster, to the effect that tone is the state of active tension characteristic of living muscle in functional connexion with the nervous system, is now realized to be profoundly inadequate in the light of modern knowledge. It is a matter of pride that we owe to the English physiologist Sherrington the fundamental facts in this connexion. In a series of now classic researches carried out during the past thirty years, he has revealed to us the physiological significance of muscle tone and the factors governing its maintenance. As Sir Charles Sherrington himself is unable to be present at this meeting to give a r6su6m of what he has done, I have undertaken to present you, in the simplest possible terms, with a concise summary of his work. Before Sherrington's time, experimental physiology had yielded very contradictory results, and even the existence of muscle tone was in question. The fundamental experiment, from which all subsequent investigations have arisen, was that in which, after transection of the brain-stem of the cat in the region of the tentorium, Sherrington found that certain muscles had entered into a state of increased tone-hypertonus-which provides an excellent medium for the examination and analysis of the phenomenon. The animal preparation, thus produced, is known as the decerebrate animal, and the transection is found to pass through the pons, cutting off the cerebral hemispheres and midbrain.
The increased tone is selective in its incidence, being confined to those muscles which maintain the animal in its natural standing posture, namely, the extensors of the limbs, neck, and back, and the elevators of the jaw and tail.
This great physiological group Sherrington speaks of as the "anti-gravity" muscles, and its antagonists, the limb flexors, the flexors of the neck and back and the depressors of the jaw and tail are found to be reciprocally inhibited and atonic. At once the meaning of muscle tone becomes clear; it is nothing else than the basis of posture, and decerebrate rigidity, as the phenomenon is called, constitute reflex standing. We may, therefore, define muscle tone as the basis, the raw material of posture.
The second fundamental observation lay in the discovery that muscle tone is a true reflex, dependent upon the integrity of the afferent nerve supply of the tonic muscle. If, by posterior root section, we deprive the muscle of its afferent nerve supply at once, it loses its tone. The reflex is, therefore, a deep or proprioceptive one, arising in the muscle itself.
If the brain-stem of the decerebrate animal be again divided at any level below that of the calamus scriptorius, the hypertonus at once disappears from the musculature, an observation which shows that the reflex arc concerned in the maintenance of tone is a long one, having its " centre " in the brainstem, that is, in the pons and upper part of the medulla.
Sherrington found that if the decerebrate animal be planted on its legs it can stand, and further, that its attitude can be modified by passive manipulation of the limbs, which tend to retain the new posture imposed upon them in this way. In others words, the tonically contracted muscle can maintain its tone at different lengths. If it be stretched, it keeps its new length, and, similarly, if its ends be approximated by movement at a joint, it remains shortened. These two reactions, the "shortening " and the "lengthening " reactions also occur when the-limb actively takes up a new attitude under appropriate reflex stimulation, and they give to muscle tone the quality known as " plasticity." From another point of view they may be said to confirm the conclusion that muscle tone is a postural reflex. Although the maintenance of tone demands the integrity of the muscle's afferent nerve supply, Sherrington made the interesting observation, out of which Magnus and de Kleijn's subsequent work has arisen, that the tone could be influenced, or modified, by impulses arising elsewhere in deep structures, muscles, tendons, and joints. Thus rotation of the head to one side increased the extensor hypertonus of the limb muscles on the side to which the animal's snout was turned, and diminished that of the opposite limbs. Other toneregulating influences took their origin in the labyrinths and in the muscles of the limbs.
We see, then, that there are two reflex mechanisms to be considered, that concerned in the maintenance and that in the regulation of muscle tone. The work of Magnus and de Kleijn has been devoted to the analysis of the latter and may be said to have solved the main physiological problems of postural regulation, because the tonic reflexes arising in neck, limbs and labyrinths are the reflex processes by means of which the animal normally takes up and maintains all those attitudes which are natural to it during life.
There are two elements in the co-ordination of movement-the phasic or movement element and the tonic or postural element. Muscle tone is the basis of the latter, and its loss results in the grossest disorders of voluntary movement. All those disorders with which we are familiar as components of cerebellar ataxy may be regarded as the inevitable result of loss or diminution of postural tone. It is, therefore, clear that a precise conception of what the physiologist understands by muscle tone is essential, not alone to the comprehension of Magnus and de Kleijn's beautiful researches, but also to the study of all disorders of movement.
Interesting as these purely experimental observations are, they become increasingly important to us if we can show that they can be applied to man. There are reasons for supposing that the so-called spasticity of hemiplegia and the extended form of paraplegia are physiologically, that is qualitatively identical with Sherrington's decerebrate rigidity, and we should naturally expect to find associated with it some of these tonic reflexes, these regulating reactions, which Magnus and de Kleijn have described. They are, in fact, to be found in nearly every case of spastic residual hemiplegia. Thus the associated movements of the paralysed limbs are identical in character with the tonic reflexes found by Sherrington to be produced by passive movements of the limbs of the decerebrate animal. In man, also, rotation of the head may give rise to variations in the attitude and in the tone of the paralysed arm. The associated reactions mentioned may be reversed in form by head rotation, or by variations in the position of the head in relation to space. Further, phasic reflexes, that is, reflex movements as opposed to reflex postures, may be modified in form by variations in the position of the head. Certain changes in the Babinski type of plantar response, to take but a single example, may be produced by this means.
In conclusion, we see how far knowledge has advanced from the simple definition of muscle tone as merely " a state of active tension" in a muscle, and, for our present purpose, we may speak of it appropriately as the basis of posture. Experimental Physiology of the Labyrinth, By A. DE KLEIJN (Utrecht). I WISH to begin by thanking the members of this Society for the opportunity they have given me to speak about the work conducted in the Pharmacological Institute at Utrecht during the last ten years. My thanks are also due to Mr. A. R. Tweedie and Dr. F. M. R. Walshe for the excellent summaries of this work they have given in the English journals.
As early as in 1875 Breuer, the most famous otological physiologist still living, far outstripping the ideas of his age, gave it as his opinion that: "labyrintbine reflexes must be divided into two different groups:
(I) Reflexes responding to movements (reflexes of the semicircular canals).
(II) Reflexes resulting from position (reflexes of the otoliths). This division is in entire accord with anatomical researches ; on the one hand the cristw and cupulwe of the semicircular canals freely moving in the endolymph are adapted to react to movements of the head; on the other hand the macule covered by the otolithic membranes with their greater specific weight are specifically adapted to react to changes in pressure of these membranes produced by alteration in position of the head in space.
That this quite new division of Breuer was not accepted by his contemporaries can easily be understood. Though, after the ingenious experiments of Breuer himself it was not possible to deny that the reflexes corresponding to movements must arise in the semicircular canals, his deduction of the existence of a new group of labyrinthine reflexes resulting from position was not sufficiently supported by experiments to be generally accepted.
His experiments concerning the rotatory reactions and after-reactions on the head and on eyes were so ingenious that up to the present time it has only been possible to complete his work by finding new details. Except for the pastpointing tests of BArAny, all our rotation-tests are only clinical applications of Breuer's experiments.
As otolithic reflexes Breuer considered: (a) Progression reactions. (b) Compensatory eye positions. (c) Rotation of the head after unilateral labyrinth extirpation. As to progression reactions, known in 1875 only as subjective sensations, I hope to show you later on that these reactions cannot be considered as pure otolithic reflexes.
The knowledge of the compensatory eye positions was in 1875 quite incomplete; sufficient investigations had not been made.
Most of the investigators of Breuer's time considered the rotation of the head after unilateral labyrinth extirpation to be caused by post-operative cerebral lesions. No method was known of examining separately the functions of the semicircular canals and of the otoliths.
